Measurement/quantification is a core skill of the quantity surveyor and such skills need to be placed within a more appropriate educational framework to ensure their continuing relevance. This paper reports on a study that sought firstly, to identify the characteristics associated with measurement/quantification skills and secondly, to weight or rank their relative importance.
The resulting analysis enabled the subsets of the characteristics of measurement skill to be ranked in the following order of importance:-ability to formulate and solve problems, sufficient knowledge of salient aspects of the task, good intellect, ability to activate responses, adequate construction capability, ability to transmit information, good character, practical capability and good physical characteristics. This ranking allowed the proposed model of the characteristics of measurement skills to be weighted to show that educational soundness was more important than technical and personal soundness. modelling, education, training.
INTRODUCTION
Measurement and quantification are well established activities in the construction industry and their applications are well known.
Project cost and price forecasts, for example, rely heavily on the measurement and quantification of the likely construction work involved. Since Napoleonic times, the UK construction industry has used bills of quantities as the basis of its procurement and cost information systems. For these systems to work effectively, the people involved in measurement and quantification have to have special characteristics.
Normally these people are either quantity surveyors or contractors' estimators.
The development of appropriate quantification skills is therefore a fundamental requirement for many involved in the construction process. The construction management functions of estimating, purchasing, planning, quantity surveying and site management, for example, have been found to comprise seventeen different tasks that demand quantification skills (Pasquire, 1991) . Furthermore, Eccles (1992) has suggested that, even in the absence of the traditional bills of quantities, these quantification skills will still be needed to produce the necessary "quantified schedules" used by contractors.
What is not fully understood is the nature of the skills that are necessary to carry out the measurement task in an adequate manner.
What do these skills consist of, and how are they acquired? It is argued that the skills necessary for the quantification task have a continuous relevance to many involved in the construction procurement process. How can such skills be identified? The answers to these questions have an important bearing on the way practitioners work and especially the education and training of novices. 
POTENTIAL CHARACTERISTICS ASSOCIATED WITH QUANTIFICATION SKILLS
According to Fletcher & Bannister (1931) 
CLASSIFICATION OF POTENTIAL CHARACTERISTICS
In the absence of any previously published classificational work on the subject, we referred to models already established for three other occupations: architects, accountants and civil engineers (see Table 1 ).
Lawson (1972) suggested that architectural skills can be combined into a model that represents technical, social, artistic, analytical and managerial abilities. Our intuition was that our characteristics numbered 1,7,12,14,16,19,30,34,35,37 are technical, 2,3,11,15,20,22,27,31 are social, 5,6,8,9,10,32,33, are analytical, and 13,23 2,4,5,6,7,8,11,15, 18,20,23,24,25,26,27,28,32,36 with education, and 3,9,10,13,17, 25,29,31 with personal qualities (with no unclassified characteristics).
The intuitive ease with which Blockley & Robertson's basic classification was applied to our list of quantification skills, together with their claims for the model's generality, resulted in our decision to adopt this system in this research. The thirty seven previously identified characteristics of measurement skill were grouped accordingly (see Table 1 ) and an outline conceptual model advanced containing the three main subsets of characteristics of technical soundness, educational soundness, and personal soundness.
As 
DATA COLLECTION Subjects
It has been said that, in the appraisal of skills, the skilled activity should be (1) discussed almost ad nauseam with the individuals who practice it, as well as those for whom they are responsible, and (2) examined by observing the development of trainees (Singleton, 1978) . In view of this, it was considered appropriate to gather views from experts and novices of different levels of ability. Data was therefore collected from both practising chartered quantity surveyors and two groups of trainee quantity surveyors. One group of trainee quantity surveyors was studying in the second year and another group was studying in the fourth year, of a five year part-time degree course in quantity surveying.
Group A comprised thirty seven part-time quantity surveying students studying first level quantification in parallel with working in quantity surveying organisations at a junior level.
Group B comprised forty part-time quantity surveying students studying second level quantification in parallel with working in quantity surveying organisations. These were working at a slightly more senior level than those Group in A. Group C comprised thirty practising quantity surveyors who were visited in their offices in the North West of England between April 1990
and April 1991. The subjects in Group C were selected through personal contacts of the authors. These were recommended by senior personnel within their organisation as the persons most often quantifying building work for inclusion in bills of quantities.
Questionnaire design
An "interview and rank order schedule" (Kerlinger, 1969 ) was used to collect data from the different subject groups. Early versions of the questionnaire, using the full set of 37 characteristics, were tested in a series of pilot studies. representative characteristics (RCs) would be appropriate.
As Table 1 Table 1 ). The resulting full schedule of 21 RCs used in the survey are summarised in Table 3 . Each question in the questionnaire was designed to elicit an importance level rating (ILR) from each subject relating to a RC.
Procedure
The questionnaire was then used to obtain data from each of the groups of subjects. Basically identical procedures were used in the collection of the data from the differing groups, consisting of:
1.
A general introductory informal discussion with the subjects concerning the nature and purpose of the project and the people and institutions involved. Time was also taken to ensure that subjects were at ease with the scope and range of RCs to be rated.
2.
Subjects were then asked to rate the RCs on their importance in contributing to the measurement task. The order of the RCs was randomised for each subject to eliminate as far as possible any bias in their responses.
Some clarificational questions were occasionally asked by subjects and these were answered by the interviewer in as consistent a manner as possible.
3.
Each subject was given the opportunity to comment or add to the list of RCs that they were presented with.
The total time taken for each of the interviews ranged between fifteen and twenty minutes and it was generally found that this was an appropriate period for maintaining interest and motivation. Each subject was asked to rate on a scale between 1 (low) and 7 (high) the importance of each of the listed RCs. No information was given to the subjects on the results of the interview and, as far as the authors are aware, no communication between subjects took place.
DATA ANALYSIS Importance Level Ratings generally
The mean and standard deviation of the ILRs for each RC for each group of subjects is shown in Table 3 . Singleton's (1978) model for the appraisal of practical skills calls upon the investigator to compare the opinions of groups of practitioner's at differing stages of expertise. In our case, the subject groupings A to C represented increasing levels of experience and therefore assumed expertise. Table 4 shows the most frequent highest and lowest rated RCs for each subject group. The three separate groups of subjects showed some measure of agreement on which the RCs should be rated as more important than others. Of the top seven ratings, six RCs (15, 7, 4, 13, 12 and 2) were common across all subject groups.
The placing of these RCs within the importance rating of the different groups varied and no firm conclusions could be drawn from the positioning of the RCs other than that the RCs listed above could all be said to be of perceived importance. 
Test for homogeneity across subject groupings
Various analyses were made using the SPSS/PC+ statistical analysis package (Nie et al, 1975) . These were firstly, to test for significant differences in ILRs between subject groups and, secondly, to identify clusters of RCs with similar ILRs.
A oneway analyses of variance was conducted for each of the 21
RCs to test for differences between the mean ILRs of three groups of respondents. This revealed the existence of significant differences (at the 5% level) between the groups for five (RC 1, 9, 14, 15 and 21) 5 out of the 21 ILRs -4 more than would be expected to occur by chance alone. On this evidence it was decided to proceed further with the analysis using subject group C -the most experienced group -alone, as the subjects clearly could not be regarded as homogeneous across all three groups.
RC clusters
A oneway LSD (least significant differences) analysis of variance was carried out for each of the three skill groups of Technically Soundness, Educational Soundness and Personal Soundness to identify RCs with similar ILRs. Table 5 gives the results that show the ranked RCs in decreasing order of importance within each group.
DISCUSSION
An interesting aspect of this study is the apparent unanimity across the subject groupings on the most and least important Reference to Table 1 shows these RCs to be evenly distributed across the three educational, technical and personal skill groups. The analysis of the experienced subject group C (Table   5 ) over all the RCs however clearly showed the perceived superiority of the educational and technical skill groups over the personal skill group, with the educational group ranked slightly above the technical group.
The results of the LSD test indicated that, although the recorded differences in sample ILR means, several of these within each skill group were close enough to be grouped together and thus form appropriate sub-groups (Table 5) . As a result it was possible to suggest the model shown in diagrammatic form in Conveniently, three sub-groups were identified for each of the three main groups. After some thought we were able to devise appropriate names for these nine sub-groups (termed 'attributes'
here) and these are showed in Table 6 . The grouped attributes of measurement skill characteristics are represented in a conceptual model in Fig. 2 which indicates both their interrelationship and their relative hierarchical position. 
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